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CAVITATION STUDIES IN LIQUID HYDROGEN 

by T. T. Nagamoto, J. Hord, and R. V. Smith 

Cryogenics Division - National Bureau of Standards, Boulder 

SUMMARY 

This report describes the facility design, equipment procurement, 
planning, fabrication and assembly for this project. 

INTRODUCTION 

The scope of work for this report is concerned with the preparation 
of the equipment and facility for determining the effects of cryogenic fluid 
properties and venturi configuration on the cavitation phenomena. This 
requires modification of existing facility and equipment on hand, design, 
procurement, and fabrication of necessary additional equipment. Also 
there a re  some components which require further investigation before 
the final decision can be made. 

BODY OF REPORT 

The required revisions of existing drawings to accommodate the ,~ 

venturi test sections and related instrumentation stations together with 
necessary changes required for LOX compatability of the system are  
nearly finalized. 
required machine shop work are  respectively 90% and 50% complete and 
assembly of the apparatus has commenced. 

The purchasing of materials of construction and 

A new mock-up test section utilizing a high compression "0" ring 
design was fabricated and tested with positive results, No leakage was 
detected by a helium leak detector with 500 psi He pressure inside the 
tes t  section and vacuum on the outside with the lucite and flange cooled 
to 76°K. 
"O"-ring seal design was fabricated and tested with positive results 
under the same conditions as mentioned above. 
used in  the vacuum-jacketed liquid lines. 
concerning the results of the testing of these seals. 

A pair of stainless steel flanges utilizing the high compression 

This seal design will  be 
Attached are  memorandums 



The two 265-gallon dewars are  hydrostatically pressure checked, 
cold shocked with L N  
water. 
temperature of the cryogenic fluid being tested. 

and a volume-height calibration was made with 2 
This room temperature calibration will be corrected to the 

After consideration of the use of a turbine meter to measure 
fluid flow, 
large (3  1/2 inch) turbine meter required to measure the high LH flow 
(450 gpm). 
(upper two thirds) and liquid level point sensors will  be used in con- 
junction with the volume height calibration of the supply dewar for the 
lower flow range. 
within *l%. 

it was decided to  use a venturi tube instead because of the 

The venturi meter wil l  be used in the higher flow range 
2 

The precision of the flow measuring system will be 

Our  tentative plans are  to use the Wollensak FASTAX camera 
(8 mm - 16000 pps) for  photographic coverage. 
(SUNGUN) continuous lamp wil l  be used for  either side or back illumi- 
nation. 
exposure) camera is also available from another project. 

A Tungsten filament 

A PHOTOSONICS (16 mm - 1000 pps - 25 micro-second 

Cavitation incipience wil l  be sonically detected with a piezo- 
electric crystal coupled to a cathode-follower and oscilloscope. 
crystal must be mounted on the test section in a fashion which will pre- 
vent signal decay due to  low crystal temperature. Mounting details 
will be examined and the detection equipment will be optimized on a 
cavitating freon system prior to  installation on the low temperature 
test  piece. 

The 
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UNITED STATES G0VERNMEN.T U. S. DEPARTMENT OF COMMERCE 
NATIONAL BUREAU OF STANDARDS 

BOULDER LABORATOR 1 ES 
BOULDER, COLORADO 

F O R M  CD-121 
(9-22-5el 

.' Memorandum 
TO : Tom Nagamoto & J. Hord DATE: Sept. 22,  1964 

N 4  FROM : D. H. Weitzel 

SUBJECT: Testing of Lucite to Aluminum Seal 

The seal  appears to be satisfactory. 
outside the He leak detector showed no increase over the background reading. 
This indicates a leak rate  of less than 10'6atm cc/sec. 

At 76K with 500 psig He inside and vacuum 

The sequence of assembly and testing were a s  follows: 

(1) Assembled with .070 in cross section diam Buna N (Nitrile) 
rubber O-ring, Parker  Co. size 2-33, Compound N 219-7. 
Measured hardness was 80 durometer. 

(2) Cross tightened the bolts (8 bolts, aluminum, 3/8 in diam, 
16 threads per in) to a final torque of 50 in-lb. 
L-5 compression washer, 17-7 PH ss under each nut. 

(3) Testing was a s  follows: 

Used one Solon #5- 

Pressure  Temperature 

Inside Outside 
a. vac 1 atm room 
b. vac 1 atrn 76 K 
c. 1 atm va c room 
d. 1 atm vac 76 K 
e. 300 psig vac 76 K 
f. cycled between tld ' t  and tieit several  times 
g. vac 1 atm room 
h. vac 1 a h  76 K 
i. 1 atm vac rgoom 
j. 1 atm va c 76 K 
k. 300 psig vac 76 K 
1. 500 psig vac 76 K 

I. 

(4) There was no detectable leak during any of these tests. 'Thermal 
shock was severe, consisting of either (a) direct immersion into LN2 
or ($1 csntiosusus erwncfftr ai' LN2, ekraugh a rmrrll tramrPe:r line, bsto 
Lucite cup, requiring about 10 min to f i l l .  
duced after LN2 level dropped below seal. 

He pressure was intro- 



K)W CD-121' 
(9-'22-59) 

TO 

FROM : 

SUBJECT: 

UNITED STATES GOVERNMENT U.S. DEPARTMENT OF COMMERCE 
NATIONAL BUREAU OF STANDARDS 

BOULDER LABORATOR I ES 
BOULDER, COLO R A D 0  

Memorandum 
T. Nagamoto DATE: October 20, 1964 

Test of Modified Weld Neck Flange for Cryogenic Seal 

A standard 1 -1/2 in. diam. weld neck flange was modified by machining a pair 
of mating steps on the sealing surfaces. 
A 77 durometer Viton O-ring, .070 inch cross  section was positioned with a 
sleight stretch around the 0. D. of the male step. 
was used. 

Details a r e  shown in the shop drawing. 

No lubrication of the O-ring 

The flanges were fitted together and the O-ring compressed until the steps 
"bottomed out. I t  This allowed a final thickness of . 01 1 in. for the O-ring. 
Clamping force was derived from 40 to 50 ft-lb of torque on each of eight 1/2 
in. steel  bolts. Clearance at  the outside edges of the flanges was ,008  to 
.009 in., showing a small amount of flange flexture. 

The assembled test section was placed in a vacuum tight container and tested 
as follows: 

Temp 

Room 

- He Pressure  

500 psig 

76 K 1 atm 

76 K 500 psig 

76 K 1 atm 

Room 500 psig 

76 K 1 atm 

76 K 500 psig 

76 K 1 atm 

Intermediate 650 psig 

Vacuum was maintained by a He leak detector throughout the testing. 
time was there any indication of leakage. 
sufficient to detect any leak in excess of 10-6atm cc per sec. 

At no 
Sensitivity of the instrument was 



SEAL TESTING A P P A R A T U S  

Heli urn 
P re s s ur iz  ing 
G a s  

Detec tor  

C o m p r e s s e d  "0" Ring /I r 

Nominal 2" S S  '1 
Flange  
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